INTRODUCTION
The basis of the evolutionary process is the formation of the species, but it is difficult to obtain a knowledge of this without thorough and profound studies of interspecific distinctions and intraspecific structures. Most of investigations of this problem are based on an analysis of morphological resemblance or morphological distinction of the forms studied, and as a result, it is impossible to detect many of the specific features of the organism. Systematicians have therefore shown much interest in physiological, embryological, karyological, biochemical and other studies, which would permit, by means of discussion of controversial questions of taxonomy, of arriving at a mutual understanding of this problem. The most widespread methods are connected with studies of protein, in which hereditary information is developed. Valuable results are obtained by application of immunological reactions which are capable of identifying comparatively minor variations of antigen composition in the protein.
Numerous studies concerned with immunological methods have demonstrated the most productive and successful usage of serology in relation to the studies of various animal groups. Hemoagglutination and precipitation reactions are more often utilized in these studies (Boyd en, 1926 (Boyd en, , 1942 A 11 u h o v, 1964 ; L i m a n s k i, Lukjanenko, 1966 Lukjanenko, , 1971 ; G e r b e r, Birney, 1968; Kirsch, 1968 Kirsch, , 1973 Denisov & Mozarova, 1970 ; Minton & Salanit r o, 1972; Z u k o v, 1972, 1973 and others). Reactions of hemolysis (Aizava, Okuma & Ishii, 1967; Lukjanenko, 1968) , transplantation (Sjuzjumova, 1969 (Sjuzjumova, , 1971 Dobrinskaja, 1973 ) and complement fixation test (A v e r k i n a, 1960; Amirhanov, 1968; B u r d a k, 1968) are less attractive, on account of their high sensitivity.
Immunological studies of sousliks of the Volga region are of great interest, for it is here (in particular in this territory), that one may observe adjacent areas of these species and the specific relations arising in these places of contacts. C. pygmaeus and C. suslicus inhabit the right bank of the Volga, the northern border of C. pygmaeus area coinciding with the southern border of the range of C. suslicus. Mixed colonies, in which hybrid forms usually predominate exist on the common boundaries of the two distribution areas of these rodents (Denisov, 1961 (Denisov, , 1963 . The reverse applies on the left bank of the Volga, where the northern border of distribution of C. pygmaeus and the southern border of C. major overlap each other. This zone is characterised either by a »pure« colony of C. pygmaeus or C. major, occupying areas with different vegetation cover, or by a mixed colony, with both species C. pygmaeus and C. major), but hybrids between the?m are fairly rare.
MATERIAL AND METHODS
Immunological relationships were investigated between the four speoies of Citellus Oken, 1816: C. pygmaeus (Pallas, 1779), C. suslicus (Giild., 1770), C. major (Pallas, 1779), and C. fulvus (L i c h t., 1823). Four populations of C pygmaeus were studied, two of which inhabited the right bank of the Volga in the regions of Elan (population A) and Kamyshin (population B) close to Volgograd, two on the left bank of the Volga in the region of Jablonja (population C) near Saratov and in the region of Samoilovka (population D) in the Volgograd district (Fig. 1) .
Antigen relationships of studied species and populations were ascertained by means of hemolysis and hemagglutination reactions. Antisera were prepared according to A11 u b o v's et al. (1964) method against the blood erythrocyte of C. major, C. suslicus and rodents from populations A, B, C of C. pygmaeus. The 3% suspension of washed blood erythrocytes of sousliks, the complement (for hemolysis reaction) -fresh serum of guinea-pig blood diluted 1:10 and inactivated immune serum diluted from 1:10 up to 1:9000 were employed for set up reactions. Simultaneously tests were made for control of immune serum, antigen and complement. The reaction results were defined, an hour after the tubes had been placed in thermostat at a temperature + 37°C, by the signs ( + ) or (-) currently used in microbiology. The results obtained were converted to percentages according the formula of B o y d e n (1926), by which the titre value of homologiical reactions is taken as 100% and the titre heterological reaction estimated in relation to it. The antigen relation of the sousliks studied was also defined by immulogical distances calculated by the M a i n a r d i formula:
when Ob and Oa = the antibody titre against homological erytrocytes, Ea and Eb = the antibody titre against heterological erythrocytes, a and b -immune sera obtained against the erythrocytes species a and b respectively (Mainardi, 1957) . In addition the generally accepted estimation of the results of hemolysis reaction were treated on the photoelectrocolorimeter. The data obtained were expressed in percentages of the value corresponding to the total hemolysis. The total number of set up reactions was 1769.
RESULTS
The reactions of hemolysis show statistically significant serological differences between the investigated species of sousliks and permit of finding antigen resemblance. Analysis of antiserum against erythrocytes of C. major blood revealed the erythrocytic proximity between C. major and C. fulvus. The complex of common erythrocytes of the latter is comparatively high -72.2%. C. pygmaeus and C. suslicus were more separated from C. fulvus by this values. The average titres in the reactions with erythrocytes of their blood were 53.2% and 44.2%. The comparatively small differences between these two values reveals the relative proximity of these species to each other (Fig. 2a, Table 1 ).
Studies of immune serum against the blood erythrocytes of C. suslicus showed that there are antigen distinctions between the studied species. The least tifcre (40%) is observed in reactions with blood erythrocytes of C. fulvus, which demonstrates the immunological isolation of these species from C. suslicus, C. major possessed an intermediate titre which was slightly higher -52.0%. The greatest serological resemblance is observed between C. suslicus and C. pygmaeus -their antigen similar-ity is as high as 60.0°/o (Fig. 3a , Table 1 ). The immunological proximity of C. pygmaeus and C. suslicus is also observed in investigations of the antiserum against the blood erythrocytes of C. pygmaeus from the different populations: A, B and C. The complex of the common antigens amounts to 72.4°/o, 66.0% and 64.5% respectively. C. major and C. fulvus Table 1 Confidence intervals of differences (p) of average titres between the investigated species and populations of sousliks (reaction of hemolysis). C. m. 
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and C. fulvus n + + + -4-+ differences statistically significant; -differences statistically non-significant are more distant species from C. pygmaeus. The serological similarity is negligible, especially between C. pygmaeus and C. fulvus. In this case C. major and C. fulvus immunologically are isolated from each other (Fig. 4a , 5a, 6a; Table 1) . A clear picture is observed when hemolysis reactions are treated on the photoelectrocolorimeter. The clear immunological distinction of C. pygmaeus, C. suslicus and C. major from each other can be traced in all dilutions of antiserum. At the same time the diagrams reflecting the results of hemolysis with all the immune sera show that C. pygmcieus and C. suslicus are closer to each other than the compared species. C. major is markedly different from the latter, as is more clearly MOO 1=1000 1=2000 1=3000 Dilution of immune serum revealed in analyses of the antiserum against the blood erythrocytes of the same species (Fig. lb, 2b, 3b, 4b, 5b) . The results of the hemoagglutination reactions of the immune serum with the blood erythrocytes C. major, C. suslicus and C. pygmaeus coincide with the data of the hemolysis. Of the species investigated, C. pygmaeus and C. suslicus are serologically closer to each other (Fig. lc,  2c , 3c, 4c, 5c; Table 2 ). Immunological distances calculated according to the results of hemolysis and hemoagglutination cross-reactions confirm the established serological relations between the studied rodent species. The least distances are noted between C. pygmaeus and C. suslicus, and greatest -between C. pygmaeus and C. major ( Table 3) .
The studies permit of estimating not only interspecific differences, but also blood erythrocyte antigen properties of one species of animals taken from the various populations. In so doing, erythrocyte differences are observed both between sousliks inhabiting opposite banks of the Table 2 Confidence intervals of differences (p) Volga and between rodents from one particular bank, although the value of these differences is not identical. The results of hemoagglutination correlate well with the data obtained for hemolysis. Analysis of antiserum against blood erythrocytes of C. pygmaeus from populations A, B, and C demonstrate that more considerable antigen differences are detected between the populations from the left and right banks of the Volga. At the same time, in spite of the similarity of the populations from the right bank, they are characterized by antigen specificity in relation to each other. Immunological distances also reveal antigen differences between the studied populations of C. pygmaeus (Fig. 4, 5, 6 ; Table 1 , 2, 3).
DISCUSSION
Analysis of results of immunological investigations show that the studied species of sousliks are characterized by relatively high contents of erythrocytic antigens which are common to the genus Citellus as a whole. In addition the complex of antigens, specific to each species is established. C. pygmaeus and C. suslicus are characterized of the most total antigen complex that in itself is evidence of their resemblance. There is only a small degree of immunological similarity between them and C. major. C. fulvus and immunologically isolated species, is the closest to C. major of all the rodents studied. The results of the Table 3 Immunological distances between the studied species and population of the sousliks. Denisov, 1963) .
The absence of reproductive isolation between C. pygmaeus and C. suslicus results in their resemblance being considerable and consequent-ly the zone of interspecific hybridization is situated where the ranges of these species overlap. In this case mating is not connected with sterility or complete lack of vitality because offspring, not only of the first generation, are known to occur. The peculiarity of hybridization is its introgressive character. C. pygmaeus absorbs C. suslicus and expands its range in this way (Denisov, 1961 (Denisov, , 1963 . At the same time hybrids very seldom occur in the places of common inhabitation of C. pygmaeus, C. major and C. fulvus (B o z a n o v, 1944, 1945; Denisov, 1964).
The degree of serological resemblance between C. pygmaeus and C. major is small. C. fulvus, an immunologically isolated species, is nevertheless closer to C. major than the rodents studied.
The population differences of the erythrocytic antigens suggest the geographical remoteness of the investigated populations. The serological differences between the populations of C. pygmaeus from the left and right banks of the Volga are due to the fact that the river forms an unsurmountable barrier for sousliks, preventing a gene exchange between populations inhabiting the opposite banks.
The immunological investigations made show that the studied species of sousliks genus Citellus are characterized by relatively high content of erythrocytic antigen, specific for every species, with the result that it is justifiable to speak about serological differences between them. In addition to establishing the particular properties of a species, the reactions of hemolysis and hemoagglutination may be used in studies of intraspecific structure.
